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O estilo de vida moderno criou uma necessidade de ter-se produtividade cada 
vez maior, extrair-se o máximo possível do tempo disponível. Com isso, 
desenvolveram-se novas rotinas de trabalho, como shift-work (trabalho de turno), 
que permitem execução de tarefas em horários diversos devido ao advento da luz 
elétrica. Também aumentou-se o grau de cobrança, com cargas de trabalho muitas 
vezes tão grandes que precisam ser levadas para casa, ocupando parte do tempo 
de lazer já tornado escasso devido ao “terceiro turno” de tarefas domésticas. Porém, 
estudos já demonstraram efeitos patológicos destas rotinas. Foram estabelecidas 
conexões entre o afastamento dos indivíduos do padrão de iluminação natural e 
diversas doenças como síndromes metabólicas, infertilidade e transtornos mentais, 
além de levar a alterações na integridade dos ritmos biológicos, que são muito 
influenciados pela luz. O estresse crônico, por sua vez, também apresenta influência 
tanto sobre o sistema circadiano – que sincroniza os ritmos biológicos com 
periodicidade de cerca de um dia – quanto sobre processos de saúde-doença física 
e mental. 
Modelos animais foram desenvolvidos para estudar os mecanismos 
envolvidos na relação entre exposição a padrões de luz-escuridão diferentes, ou 
exposição a situações estressantes, e alterações nos ritmos circadianos e nos 
processos fisiológicos. Porém, até hoje não há descritos na literatura modelos que 
associem mudanças de iluminação e estresse em um mesmo protocolo, o que 
representaria uma mimetização mais condizente com o que experimentamos em 
nosso dia-a-dia. Nesse sentido, o objetivo deste trabalho é estabelecer um modelo 
experimental para estudar o impacto da combinação de manipulação do fotoperíodo 
a estresse crônico sobre os ritmos biológicos, principalmente de atividade-repouso e 
temperatura central. 
Camundongos BALB/c foram randomizados em 4 grupos experimentais: CT 
(Controle), CMS (Chronic Mild Stress, Estresse Crônico Moderado), PP 
(Photoperiod, Fotoperíodo) e PP+CMS (Fotoperíodo + Estresse Crônico Moderado). 
Os grupos CT e CMS permaneceram sob 12:12h claro-escuro (CE) ao longo de todo 
o experimento. Os camundongos do grupo CT não passaram por nenhuma 
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intervenção, enquanto os do grupo CMS foram submetidos ao protocolo de estresse 
crônico. Os grupos PP e PP+CMS passaram por 4 ciclos de 10:10h CE (retornando 
a 12:12h CE ao final da manipulação do fotoperíodo), após os quais o grupo PP não 
foi mais perturbado e o grupo PP+CMS foi submetido ao protocolo de estresse. 
Todos os animais tiveram seus ritmos de temperatura central e atividade-repouso 
registrados durante todo o experimento e os parâmetros acrofase, amplitude e %VE 
foram calculados e comparados entre grupos e fases do experimento. 
Encontramos um atraso de fase nas acrofases de ambos os ritmos analisados 
durante o período de alteração do ciclo claro-escuro, com uma redução na amplitude 
do ritmo de temperatura. Também observamos um adiantamento de fase em ambas 
acrofases acompanhado de menor %VE durante a aplicação do protocolo de 
estresse crônico. O grupo PP+CMS, que passou por ambas as intervenções, foi o 
mais afetado, perdendo inclusive a robustez de seu ritmo de atividade durante o 
estresse crônico. Todos os parâmetros dos 4 grupos retornaram aos níveis basais 
após o término das intervenções, demonstrando a capacidade de recuperação do 
sistema circadiano. 
O modelo foi estabelecido com sucesso, evidenciando alterações nos ritmos 
de atividade e temperatura semelhantes às descritas na literatura quando do uso de 
cada intervenção isoladamente e demonstrando que os ritmos são afetados de 
forma mais pronunciada quando os protocolos são utilizados de forma conjunta. 
Estes resultados salientam a importância de estudar-se mais profundamente como 
esses fatores, alterando o funcionamento do relógio biológico, podem causar outras 
mudanças fisiológicas e distúrbios de comportamento e, potencialmente, levar ao 





2.1 Cronobiologia e relógio biológico 
A cronobiologia é uma área de conhecimento em expansão que vem 
ganhando popularidade desde que os avanços tecnológicos e as mudanças no perfil 
da sociedade tornaram as implicações patológicas dos estudos cronobiológicos mais 
evidentes (Roenneberg, 2013). Esta ciência, que investiga o papel do tempo sobre a 
vida (kronos, tempo; bios, vida; logos, estudo), visa compreender como a relação 
entre o organismo e o tempo – seja em escala de horários do dia ou mesmo de 
épocas do ano – se dá em situações de saúde e de doença, o que pode alterá-la e 
como é possível corrigi-la (Garaulet e Gómez-Abellàn, 2013). 
Um dos meios mais usados para aferição do aspecto cronobiológico é o 
monitoramento dos ritmos biológicos. Os ritmos circadianos – assim chamados por 
apresentarem ritmicidade de cerca de um dia – são regulados pelo sincronizador 
mestre de nosso relógio interno, o Núcleo Supraquiasmático (NSQ) do hipotálamo 
anterior. Esta estrutura é o principal responsável por interpretar as “pistas” do 
ambiente e indicar ao organismo a periodicidade de 24 horas do dia através de 
regulação de expressão gênica (Schibler e Sassone-Corsi, 2002). As células do NSQ 
apresentam individualmente loops de retroalimentação que regulam o processo de 
transcrição e tradução dos cerca de 20 genes envolvidos no sistema circadiano, 
chamados de clock genes, como Bmal1, Clock, Period 1-3 (Per 1-3), Cryptochrome 
1/2 (Cry 1/2) e receptores nucleares. As proteínas CLOCK e BMAL1 formam um 
heterodímero que ativa a síntese de outras proteínas do sistema circadiano, como 
PERs e CRYs que, por sua vez, formam heterodímeros que reprimem a expressão 
da proteína BMAL1, formando um loop regulatório (Reppert e Weaver, 2002).  
A sincronização central do NSQ gera sincronização de osciladores periféricos 
via inervação autônoma, controle da temperatura corporal, sinais humorais e pistas 
alimentares e, assim, estabelece ritmicidade dentro das aproximadamente 24h do 
dia na função de células e tecidos (Figura 1). Esses osciladores periféricos 
encontram-se em diversos tipos celulares fora do NSQ – como fígado, pâncreas, 
músculo esquelético, intestino e tecido adiposo – e auxiliam no controle circadiano 
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de processos como detoxificação xenobiótica, metabolismo, homeostase de glicose 
e lipogênese, por exemplo (Mohawk, Green e Takahashi, 2012). 
 
Figura 1: Vias de sincronização de osciladores periféricos. O sincronizador central no núcleo 
supraquiasmático (NSQ) regula osciladores periféricos através de inervação autônoma, do controle da 
temperatura corporal, de sinais humorais (como glicocorticoides) e da alimentação. Adaptado de 
(Mohawk, Green e Takahashi, 2012). 
2.2 Rimos circadianos 
2.2.1 Hormônios e ciclo sono-vigília 
Dentre os processos sob controle circadiano encontram-se neurotransmissão, 
metabolismo, imunidade e sinalização endócrina, como da glândula pineal, da 
hipófise e da adrenal. A pineal é uma glândula localizada no encéfalo com 
aproximadamente 5 mm de comprimento, 1-4 mm de espessura e com peso de 
cerca de 100mg que recebe aferências do núcleo paraventricular (NPV) do 
hipotálamo. Esta glândula possui dois tipos celulares: células neurogliais e, 
predominantemente, pinealócitos, cujo principal produto é o hormônio melatonina 
(Wu e Swaab, 2004). A melatonina é sintetizada em períodos de escuridão e 
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suprimida na presença de luz – ritmo regulado pelos sinais enviados do NSQ para o 
PVN e deste, para a pineal –, sendo o início de sua produção ao entardecer o 
marcador biológico de periodicidade circadiana mais confiável (Cajochen, Kräuchi e 
Wirz-Justice, 2003). Esta molécula exerce efeito sobre aspectos fisiológicos e 
comportamentais, destacando-se sua atividade sobre o ciclo sono-vigília em 
humanos, cujo ritmo é influenciado pela ação alternada de elevados níveis de 
melatonina produzidos durante a noite e reduzidos durante o dia. A administração de 
melatonina já é utilizada como tratamento de insônia, aumentando o tempo total de 
sono, melhorando a manutenção do sono e levando a uma maior frequência de 
fusos do sono em eletroencefalogramas (EEGs) (Kim, Jeong e Hong, 2015; Turek e 
Gillette, 2004). 
O padrão de sono também sofre influência do eixo hipotálamo-hipófise-
adrenal (HPA, de hipotálamo-pituitária-adrenal) via hormônio cortisol (ou 
corticosterona, em roedores) que, ao contrário da melatonina em humanos, tem seu 
pico no início da fase ativa e seus menores níveis do início da fase de inatividade. O 
sistema límbico, responsável pelas emoções e resposta ao estresse, sinaliza ao NPV 
do hipotálamo (também regulado pelo NSQ) que, em reação, envia hormônio 
liberador de corticotrofina (CRH, corticotropin-releasing hormone) para a hipófise 
anterior, induzindo liberação de hormônio adrenocorticotrófico (ACTH, 
adrenocorticotropic hormone). O ACTH, então, estimula a síntese e liberação rítmica 
de glicocorticoides na corrente sanguínea, promovendo estado de alerta, 
mobilização de glicose e ácidos graxos e formação de memória na fase ativa do dia 
(Landgraf, McCarthy e Welsh, 2014).  
2.2.2 Atividade-repouso e temperatura central 
Além do ciclo sono-vigília, muito avaliado através de polissonografia e EEG, 
outros dois ritmos circadianos são alvo de grande interesse em estudos 
cronobiológicos, principalmente em experimentação animal: atividade-repouso e 
temperatura central. Enquanto o ritmo de atividade-repouso é mais maleável, 
oscilando em um período de mais de 30 horas em situações de isolamento temporal 
– onde os indivíduos são privados de pistas que indiquem o horário do dia –, o ritmo 
de temperatura corporal é um dos ritmos circadianos mais robustos, se mantendo 
em um período de aproximadamente 24 horas nas mesmas condições (Cambras et 
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al., 2007). Portanto, alterações de fase entre estes ritmos e o ciclo claro-escuro – 
fenômeno chamado de cronodisrupção –, verificadas através de aferição contínua 
das variáveis atividade e temperatura, são um indicador de alterações fisiológicas 
importantes em resposta a algum fator deletério (Erren e Reiter, 2013).  
Devido aos impedimentos para realização de determinados estudos com 
humanos, torna-se necessário o uso de modelos animais para experimentos que 
envolvem fatores de risco e etiológicos. Nos estudos de alterações de ritmos e seus 
efeitos sobre comportamento e fisiologia, são utilizados principalmente modelos de 
roedores, apesar das diferenças interespécies de períodos endógenos, isto é, 
aqueles apresentados em isolamento temporal (Pilz et al., 2015). Assim, diversos 
métodos já foram desenvolvidos para registro contínuo dos ritmos de atividade e 
temperatura em modelos animais, sendo os mais comuns: roda de atividade ou 
actígrafos – estruturas com feixes de laser que cruzam o interior das caixas-moradia 
dos animais e detectam seu movimento – para registro de atividade; sensores 
internos de temperatura, para registro de temperatura central (Pilz et al., 2015); e 
telemetria, para registro e envio simultâneo via ondas de rádio dos dados de ambos 
os ritmos (Tokizawa et al., 2015; Solarewicz et al., 2015). 
2.3 Fotoperíodo e sistema circadiano 
Dentre os fatores que influenciam a ritmicidade do NSQ, o principal zeitgeber 
(do alemão, “doador do tempo”) é a luz. Tanto a luz natural como a luz artificial são 
percebidas por fotorreceptores contendo melanopsina presentes na retina dos 
mamíferos, que diferem dos demais receptores desta por não serem responsáveis 
pela formação de imagens, somente pela transdução de informações fóticas. O NSQ 
é informado da presença ou ausência de luz pelo trato retino-hipotalâmico e vias 
retinogeniculadas, originados das células ganglionares da retina, mas também 
recebe aferências dos núcleos da rafe, do mesencéfalo basal, da ponte, do bulbo e 
do hipotálamo posterior com informações não-fóticas (Dardente et al., 2007).  
Além de ser o zeitgeber mais importante, a luz também ocupa o papel de 
principal responsável por alterações circadianas. Em um estudo submetendo ratos 
jovens a avanços de fase crônicos, foram encontradas alterações metabólicas, 
inflamatórias e estresse do retículo endoplasmático. Esses resultados sugerem que 
rotinas que envolvem trabalhos de turno ou jet lag – cruzamento de fronteiras 
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meridionais que submete o indivíduo a um fuso-horário diferente – podem ter 
consequências deletérias (Herrero et al., 2015). Pilz et al. (2014) demonstraram, 
também, que camundongos BALB/c submetidos a mudança no regime de luz de 
12h-12h claro-escuro (CE) para 10h-10h CE sofrem alterações nos ritmos de 
atividade e de temperatura central, tendo suas amplitudes reduzidas após poucos 
ciclos de fotoperíodo alterado. Mesmo o ritmo de temperatura central, que é mais 
robusto, apesar de resistir inalterado por mais tempo, foi “achatado” pelo regime de 
luz modificado. 
2.4 Ritmos vs. doença 
Não somente a luz regula o funcionamento dos “relógios” centrais e 
periféricos. A alimentação, por exemplo, é um dos melhores sincronizadores não-
fóticos, comparável ao efeito da luz sobre o sistema circadiano (Mistlberger, 2011). 
Isto é evidenciado em camundongos ou ratos, animais noturnos, que desenvolvem 
atividade antecipatória ao alimento (FAA, food antecipatory activity) se alimentados 
durante o dia. Os animais são capazes de lembrar o horário da alimentação através 
de “relógios internos” chamados de osciladores arrastados por alimento (FEO, food 
entrainable oscillator), exibindo FAA mesmo após vários dias de jejum (Tahara e 
Shibata, 2013). Esta relação entre a nutrição e o sistema circadiano faz com que 
alterações no sistema possam afetar o metabolismo. Camundongos com mutação no 
gene Clock apresentaram ritmo de alimentação enfraquecido e obesidade, 
independente do uso de dieta regular ou com alto teor de lipídeos (Turek et al., 
2005). Também camundongos duplo-knockout para Per2 mostraram ritmo alimentar 
perturbado e obesidade com dieta rica em gorduras, causada por prejuízo nos ritmos 
de glicocorticoides (Yang et al., 2009). 
Além de estar associado a transtornos alimentares, o sistema circadiano está 
acoplado ao ciclo celular. A perda da ritmicidade circadiana por fatores externos ou 
por alterações moleculares dos clock genes pode afetar a proliferação celular e levar 
à geração de tumores, já que genes como p53 (supressor de tumor), caspases 
(apoptose), ciclinas (ciclo celular), c-Myc (proto-oncogene) e MDM2 (ubiquitina ligada 
a E3 que inibe p53) são alvos de elementos do relógio biológico (Fu e Lee, 2003). 
Estudos já demonstraram que inativação do gene Per2 causa desregulação da 
expressão de Bmal1 e, consequentemente, leva a uma superexpressão de c-Myc e 
ao desenvolvimento de tumores em camundongos (Fu et al., 2002). Mudanças no 
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ciclo claro-escuro (8h de avanço do ciclo a cada 2 dias) também levaram a uma taxa 
de crescimento de tumores implantados em camundongos maior do que a de  
camundongos mantidos sob ciclo de 12h-12h CE, evidenciando o potencial nocivo 
de submeter-se a rotinas de alterações repetidas de fotoperíodo, como viajantes que 
passam por jet lag crônico (Filipski et al., 2004).   
     
2.5 Transtornos de humor e sistema circadiano 
 
A teoria do zeitgeber social, por sua vez, implica na existência de pistas 
externas não-fóticas relacionadas a padrões de relações interpessoais, demandas 
sociais ou tarefas que ajustam o relógio biológico ao ciclo circadiano (Ehlers et al., 
1988). Atividades diárias que apresentam frequência e horário de execução 
regulares contribuem para o estabelecimento de rotinas e ritmos sociais estáveis. 
Dessa forma, eventos marcantes na vida dos indivíduos que causem mudanças 
nessas rotinas podem prejudicar a sincronização dos ritmos fisiológicos e 
comportamentais ao relógio externo (Grandin et al., 2006). Eventos negativos 
poderiam, então, desencadear condições mentais como esquizofrenia, transtorno 
bipolar, ansiedade e depressão maior de forma direta ou indireta, via perturbações 
circadianas como alterações no ritmo de sono-vigília (Luca et al., 2013). 
Alguns sintomas clínicos clássicos de transtornos de humor incluem variação 
diurna de humor, acordar nos primeiros horários da manhã e distúrbios do sono, 
indicando uma periodicidade que relaciona a depressão à função circadiana. 
Encontram-se alterações como avanço de fase, redução de amplitude e 
sincronização variável às pistas sociais em vários ritmos de pacientes depressivos, 
como temperatura central, cortisol e metabolismo de monoaminas. Porém, não é 
possível afirmar se essa ritmicidade alterada seria a causa ou uma consequência da 
desordem de humor (Wirz-Justice, 2003). Apenas se pode afirmar, no momento, 
haver uma relação entre depressão e sistema circadiano, evidenciada pelos efeitos 
antidepressivos de melatonina em modelos animais (Detanico et al., 2009) e 
humanos (Srinivasan et al., 2014), bem como pelo potencial preditivo de resposta ao 
antidepressivo nortriptilina dos níveis do metabólito 6-sulfatoximelatonina (Hidalgo et 




2.6 Estresse e sistema circadiano 
 
Dentre os fatores potencialmente prejudiciais aos ritmos biológicos e com 
associação a transtornos de humor, voltamos nosso interesse ao estresse, definido 
como qualquer situação capaz de perturbar a homeostase fisiológica ou psicológica, 
presente cada vez mais no nosso dia-a-dia (Palumbo et al., 2007). O estilo de vida 
atual da sociedade, com demandas das mais diversas naturezas sendo impostas ao 
mesmo tempo e constantemente, impõe uma condição de estresse crônico muitas 
vezes inevitável sobre os indivíduos (Haridas et al., 2013). Estudos já demonstraram 
que exposição a estresse, agudo ou crônico, leva ao desenvolvimento de transtorno 
depressivo (Kessler et al., 1997), com sintomas como flutuações de humor, 
irritabilidade, alterações no apetite e no peso, anedonia, distúrbios de sono, fadiga e 
tendências suicidas.  
A amplitude e a forma dos ritmos são influenciadas não somente pelo sistema 
nervoso central (SNC) e podem ser modificadas por estressores que afetam os sub-
osciladores presentes nos diversos tecidos do organismo, ou que exercem outros 
efeitos de mascaramento dos sinais do sistema circadiano. Sabe-se que os 
glicocorticoides são capazes de resetar a ritmicidade de sincronizadores periféricos – 
induzindo Per1 e Per2 através de elementos responsivos a glicocorticoides (GREs, 
glucocorticoids response elements) –, sem alterar a função do sincronizador central 
no NSQ (Bartlang et al., 2015). Esse desbalanço dos sinais fisiológicos pela 
interferência do estresse pode, então, levar a graves consequências na saúde física 
e mental dos indivíduos (Meerlo et al., 2002). 
. Sabendo-se que a resposta de estresse e a manutenção dos ritmos 
circadianos utilizam o eixo HPA como via comum, e tendo-se evidenciado relação 
entre estresse e transtornos de humor, torna-se interessante estudar os possíveis 
efeitos do estresse crônico sobre o relógio biológico. Takahashi et al. (2013) 
demonstraram que um protocolo de estresse crônico com camundongos BALB/c é 
capaz de induzir alterações nos níveis e na fase de liberação de corticosterona e  na 
expressão de clock genes no fígado, um dos “relógios” periféricos, apesar de não 
gerar diferenças na expressão desses genes no NSQ. Com base nessas evidências 
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e na escassez de trabalhos que avaliem o efeito do estresse crônico sobre os ritmos, 
bem como sua possível interação com mudanças negativas no padrão de ciclo claro-
escuro, decidimos estudar o efeito deste sobre os ritmos de atividade e repouso e de 
temperatura central em modelo animal, além de avaliar se uma alteração prévia no 

































Associações entre alterações no ciclo claro-escuro, prejuízo da ritmicidade 
biológica e desenvolvimento de distúrbios fisiológicos e psicológicos têm sido 
demonstradas através de experimentação animal. Também as relações entre 
situações de estresse, processos de saúde-doença e perturbações do sistema 
circadiano têm sido investigadas via modelos animais. Porém, estes modelos 
verificam apenas os efeitos de cada fator separadamente, enquanto o que 
experimentamos vivendo na sociedade atual é uma sequência ou sobreposição 
desses fatores. Para simular isto com maior similaridade, seria necessário um 
modelo que apresentasse alteração de fotoperíodo, a qual nos submetemos quase 
diariamente, seguida de período de estresse crônico, situação pela qual passamos 
nos ambientes de trabalho ou em relações interpessoais. 
Observando esta necessidade, desenvolvemos este trabalho para validar um 
modelo animal que combina manipulação de fotoperíodo e estresse crônico 
moderado, e identificar os efeitos desta combinação sobre os ritmos biológicos de 
atividade-repouso e temperatura central como indicador da integridade de 

















4.1 Objetivo geral 
 
 




4.2 Objetivos específicos 
 
 
 Verificar o efeito do estresse na amplitude, acrofase e mesor dos ritmos de 
temperatura e de atividade; 
 
 Verificar se o estresse induz desacoplamento entre os ritmos de temperatura 
e de atividade; 
 
 Verificar se alteração no fotoperíodo amplifica o risco para mudança de 
amplitude, acrofase e mesor dos ritmos de temperatura e de atividade após 
estresse;  
 
 Verificar se alteração no fotoperíodo amplifica o risco para desacoplamento 
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Os resultados obtidos experimentalmente neste trabalho foram organizados 







ESTABLISHMENT OF A MODEL FOR STUDY OF THE EFFECT OF 
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Background: There are already animal models for studying the effect of either stress 
or photoperiod manipulation over circadian rhythms and their implications in health 
issues. However, there is a lack of a protocol that associates light/dark alterations to 
chronic stress, which would represent a more realistic model to our modern life style. 
This study aimed to establish a model for understanding how photoperiod alteration 
previous to chronic mild stress can influence the circadian system, more specifically 
activity and temperature rhythms. 
Methods: BALB/c mice had temperature and activity rhythms recorded by iButtons 
and actigraphs, respectively. Mice were sorted into 4 groups: CT (control), CMS 
(Chronic Mild Stress), PP (Photoperiod) and PP+CMS. CT and CMS mice remained 
under 12:12h light-dark (LD) cycles. CT mice were kept undisturbed and CMS mice 
underwent a CMS protocol. PP and PP+CMS mice underwent 4 cycles of 10:10h LD, 
after which PP mice were kept undisturbed and PP+CMS mice underwent the stress 
protocol. Acrophase, amplitude and %VE of rhythms were calculated and compared 
within groups and stages. 
Results: We observed a phase delay in rhythms during photoperiod manipulation 
and a phase advance under CMS. Reduction of temperature amplitude was seen 
under 10:10h LD and lower temperature %VE, under CMS. PP+CMS group was the 
most affected, losing activity rhythm robustness under CMS. All parameters returned 
to basal after interventions. 
Conclusion: Alteration in photoperiod previous to CMS results in stronger circadian 
impairment than each intervention on its own, highlighting the importance of further 
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Over-demanding work routines, with exorbitant schedules and responsibilities, 
are becoming the standard scenario in laborer’s life. Nowadays, it is common to hear 
complaints about excessive work loads that surpasses the working schedules and 
end up being dispatched at home. This represents a two-way problem, since it 
causes an elongation of periods indoors under artificial illumination and submits 
individuals to chronic stressing conditions both in their work places and at home.  
With the development of more economical light-bulbs and the popularization of 
mobile phones and digital devices, modern society experiences a phenomenon 
called light-pollution – when surplus light is directed to where it is not needed and 
maintains urbanized cities illuminated even at night – and an extreme shortening of 
exposure to total darkness (Chepesiuk, 2009). Along with the illumination, the 
possibility of prolonging work through night generated new work schedules (like shift-
work, for example), and the necessity of spending the day at work and the night 
doing household chores (called the “third-shift) represents an inescapable stressing 
environment (Wang et al., 2011). 
The circadian system, which regulates physiological rhythms by synchronizing 
them to the 24h-period of the day, is tightly linked to modifications in the light/dark 
cycle (Bedont and Blackshaw, 2015). Due to the evidences of interactions between 
photoperiod alterations, changes in biological rhythms and health issues, arose a 
necessity of animal models for understanding the mechanisms underlying this 
relation. From this, models of prolonged light exposure (Kooijman et al., 2015), shift-
work (Guerrero-Vargas et al., 2015) and jet-lag (Atkinson et al., 2014) were 
developed, and the connection with metabolic syndromes (Gangwisch, 2014), cancer 
(Kennaway, 2014), affective disorders (Bauer et al., 2012) and other conditions was 
confirmed.  
Affective disorders, mainly major depression, are also related to social and 
psychological consequences of chronic stress. Experimental models of chronic mild 
stress (Logan et al., 2015; Haridas et al., 2013) and early life stress (Zhang et al, 
2013) showed relation between undergoing stressing periods and depression-like 
behavior in mice, as well as changes in corticosterone level (the “stress hormone”) 
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and gene expression in the nucleus accumbens (brain structure of the reward 
pathway). Also, correlation among stress and the biological clock have already been 
proved by alterations in circadian rhythms (Bartlang et al., 2015; Logan et al., 2015) 
and molecular components of the internal clock (Takahashi et al., 2012). 
Although models of photoperiod manipulation and models of chronic stress are 
already established, there is a lack of protocols for understanding the effect of a 
combination of both interventions. Since we are constantly subjected to alterations in 
the light/dark cycle, and stressing situations are likely to happen in our day-to-day life, 
studying the impact (and maybe sensitization) of changes in illumination previous to 
the onset of stressors is a health issue. Therefore, we developed a model to fulfill this 
necessity and demonstrated, in this study, that the conjunction of these adverse 
conditions results in enhanced rhythmic dysfunctions in mice. 
21 
 
2. Materials and Methods 
2.1. Experimental animals 
Experiments were performed with 46-day-old male BALB/C mice (n=20) 
obtained from Universidade Federal de Pelotas. Animals were individually housed 
with food and water ad libitum in transparent acrylic home-cages (Panlab Harvard 
Apparatus; 25 x 15 x 25cm) with zeolites, since the equipment for activity detection 
does not allow the use of wood shavings. They remained in a photoperiod station with 
four separate independent chambers containing digital electronic timers (model TT34, 
COEL) which allow different photoperiod programming under the same controlled 
temperature (22 ± 2 °C), humidity and noise exposure. Mice were kept under a light-
dark (LD) cycle of 12:12 h (unless otherwise stated), being weighed weekly 
throughout the experiment. 
The 20 animals were divided into 4 experimental groups: 
 CT (Control), n = 5: subject neither to the change in photoperiod, nor to 
the stress protocol; 
 CMS (Chronic Mild Stress), n = 5: didn’t undergo the change in 
photoperiod, but was subjected to the stress protocol; 
 PP (Photoperiod), n = 5: subject to the change in photoperiod, but not to 
the stress protocol; 
 PP+CMS (Photoperiod + Chronic Mild Stress), n = 5: subject to both the 
change in photoperiod and the stress protocol; 
Mice were kept in our animal facility (Unidade de Exprimentação Animal, UEA) 
of the Hospital de Clínicas de Porto Alegre (HCPA), under standard conditions and in 
groups of 5 animals for one week before the beginning of the experiments. All 
procedures were carried out according to institutional policies on animal use in 






2.2. Photoperiod Manipulation 
The photoperiod modification protocol used in this study was previously 
established by our research group and described by Pilz et al. (2014). The alteration 
in photoperiod was held after 10 days under a 12:12 h LD regime reserved for 
verification of activity and temperature rhythms. Animals of groups without the 
change in photoperiod (CT and CMS) were kept under cycles of 12:12 h LD. Animals 
of groups subjected to the modification (PP and PP+CMS) were submitted to 4 cycles 
of 10:10 h LD during approximately 3 days, after which they were returned to 12:12 h 
LD. 
 
2.3. Chronic Stress Protocol 
The chronic mild stress (CMS) protocol used was an adaptation of the 
methodology described by Haridas et al. (2013). After the stage of photoperiod 
manipulation, all animals were kept under 12:12 h LD cycles and those belonging to 
stressed group (CMS and PP+CMS) were exposed to the stress protocol for 21 days. 
Animals were subjected to three different randomized stressors every day, in 3 
periods of the animals’ subjective day indicated in zeitgeber times (ZT), being ZT 0 
the moment the lights were turned on and ZT 12, when they were turned off. The 
stressors were administered at: first half (ZT 3,5 to ZT 5,5), second half (ZT 7,5 to ZT 
9,5) and overnight (ZT 11,5 to ZT 2,5 of the following day). After the 21 days, mice 
were kept without stress for 10 days for verification of activity and temperature 
rhythms post-CMS. 
Briefly, the stressors used were: Cold, in which mice were placed on a bedding 
of icepacks; Space Reduction, by placing a partition which limited the available space 
to 50%; Cage Tilt in 45°; Wet Bedding, by addition of 100 ml of water to the zeolites; 
No Bedding, by placing the animal in a home-cage without zeolites; Rat Bedding, 
using wood shavings from rats’ home-cages; and Restraint Stress, performed with a 
perforated tube of 10 cm height and 3 cm diameter ending in a cone of 2 cm height. 
Table 1 shows the application order of the stressors over a week, which was 
repeated three times. 
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Table 1. Stress regime applied in each day of one week of chronic mild stress. This protocol was 










2.4. Rhythm Characterization 
Rest-activity: The activity rhythm of each animal was monitored daily every 10 
minutes by actigraphy (ADNplin- © Antoni Díez Noguera, Barcelona, AC, Spain). This 
device emits two laser beams that cross the animal’s home-cage longitudinally and 
transversely and are detected by receivers on the opposite face of the cage. When a 
beam is interrupted by the interposition of the animal when it moves, one locomotion 
unit is recorded. Each device is connected to a board responsible for converting its 
information to digital format and sending them to a computer, where the data can be 
accessed at DAS192USB program. The recordings of activity were converted into 
Excel files and organized according to the stages of the experiment: Pre-
experimentation (Pre); Photoperiod manipulation (Photoperiod); CMS protocol 
(Stress); and Post-experimentation (Post). The data was then prepared for analysis 
using specific software to measure rhythmicity parameters. 
Core temperature: The temperature rhythm of each animal was measured by 
internal temperature sensors (Thermochron iButtons, Dallas, TX) implanted after 
disinfection, into the peritoneal cavity. They were surgically implanted via an incision 
of approximately 2 cm under anesthesia with isoflurane (5% induction and 








Day 1 Cold Cage-Switch  Space Reduction 




Restraint Stress Rat Bedding 




Day 5 Cage-Switch Cold Space Reduction 
Day 6 Wet Bedding Cage Tilt No Bedding 
Day 7 Restraint Stress No Bedding Rat Bedding 
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Nylon thread as external suture. The animals were kept in incubators and under 
observation until recovery from surgery, and then were returned to their home-cages. 
On the day of surgery and on the two following days, animals received intraperitoneal 
injections of analgesic Tramadol (10mg / kg) every 12 hours. The sensors recorded 
the core body temperature of the animals every 45 minutes. The iButtons were 
recovered after euthanasia by decapitation and data was extracted through specific 
equipment and software (1-Wire® devices, Dallas, TX). The first week after surgery 
was considered recovery period and data from this period was disregarded. The 
recordings were converted to Excel, organized in the different experimental stages 
and prepared, as the activity data, for analysis in specific software to measure the 
rhythmicity parameters. 
2.5. Statistical Analysis 
The evaluation of rhythms was performed using the integrated program of 
Chronobiology El Temps (A. Díez-Noguera, Universitat de Barcelona, 1999) to 
calculate rhythmicity parameters - amplitude, acrophase, mesor and VE% of the 
activity and temperature recordings - through cosinor analysis, as well as to run 
Rayleigh tests for acrophases and  to generate actograms. 
 Comparison of the parameters between different stages within each 
experimental group was made using ANOVA for repeated measures followed by 
Tukey test for multiple comparisons. The analysis of differences between groups 
within each stage was performed by one-way ANOVA with Tukey post-hoc test. Data 
are presented as means ± standard deviations (SD), with the statistical significance 
level set at p ≤ 0.05. Graphics were generated in GraphPad Prism 6 software and 






Aiming to identify the impact of CMS, photoperiod modification and the 
combination of both interventions over the circadian system, we evaluated the 
entrainment of activity and temperature rhythms to the light/dark cycles throughout 
the experiment, shown in Figure 1. The pattern of the rhythms under control 
conditions is seen in the CT group, with the peaks of activity and temperature 
occurring always in the first-half of the dark phase. When subjected to CMS, mice 
showed a phase advance in both activity and temperature to the light phase, but both 
rhythms returned to its basal form after the administration of the stress protocol. Mice 
in the PP group, that underwent the 10:10h LD period, presented a phase delay in 
the rhythms that reached its maximum at the last cycle of photoperiod modification, 
but showed reentrainment to the light/dark cycle through the following days. Lastly, 
the group PP+CMS exhibited the delay in both rhythms as the PP group during the 
photoperiod alteration, followed by a phase advance similar to the CMS group over 
the stress period and a reentrainment through the remaining days of experiment. 
The acrophases of activity and temperature rhythms of each group in each 
stage of the experiment are shown in Figure 2. As seen in Figure 1, group CT 
acrophases of both rhythms remained in the first-half of the dark phase - activity 
around ZT 15 and temperature, ZT 13 - through the whole experiment in the absence 
of interventions. The groups PP and PP+CMS, which were subjected to the 
photoperiod manipulation, showed a delay in the acrophases of activity (around ZT 
17 of the 20h-day) and temperature (close to ZT 17 in the PP group and to ZT 16 in 
the PP+CMS group) during the modification of the light/dark cycle. Over the 
application of the stress protocol, groups CMS and PP+CMS exhibited an advance in 
the acrophases, with both acrophases being around ZT 11 in CMS group and close 
to ZT 10 and ZT 12 for temperature and activity, respectively, in PP+CMS group. 
Acrophases of all groups returned to the first-half of the dark phase after the 
interventions. 
Regarding the changes in other rhythmicity parameters through the 
experiment, we found that the temperature amplitude (Figure 3A) was significantly 
different depending on the stage it was recorded for all groups [CT: F(3, 9) = 4,61, p = 








































































































































































































































































































































































































































Figure 2: Photoperiod manipulation and CMS protocol change acrophases of activity and 
temperature rhythms. Rayleigh tests of activity (black) and temperature (gray) acrophases, 
demonstrating the phase delay of acrophases under photoperiod modification, the phase advance 
under stress protocol and the recovery post-experimentation; 0 h represents the time when the lights were 
turned on.  
 
= 4,41, p = 0,026]. The means of temperature amplitude in the Post stage (M = 1,04, 
SD = 0,20) were statistically higher than in the Pre stage (M = 0,75, SD = 0,09) for 
CT group. The Pre (M = 0,81, SD = 0,05) and Photoperiod (M = 0,80, SD = 0,18) 
stages, where no intervention was made, had lower temperature amplitudes than the 
Post stage (M = 1,17, SD = 0,10) for CMS group. For the PP group, the temperature 
amplitude at the Pre stage (M = 1,01, SD = 0,08) was higher than during the 
Photoperiod alteration (M = 0,75, SD = 0,06), and both Photoperiod and Stress (M = 
0,89, SD = 0,09) stages had lower amplitudes than the Post stage (M = 1,19, SD = 
0,13). In the PP+CMS group, the only significant difference found was an increase in 
the amplitude in the Post stage (M = 1,20, SD = 0,10) in comparison to the 




Figure 3: Impact of experiment stage over temperature amplitude and %VE within each group. 
Differences in temperature amplitude (A) and %VE (B) in each stage within groups CT (n=3; Pre: n=4), 
CMS (n=5), PP (n=4) and PP+CMS (n=4). Amplitude and %VE presented as means ± SD. * p ≤ 0,05; 
** p ≤ 0,01; *** p ≤ 0,005; **** p ≤ 0,001, ANOVA/Tukey. † outlier removed (%VE = 99,5819). 
 
We also found an effect of the experiment stage in the temperature %VE 
(Figure 3B), which indicates how much the variable follows a circadian rhythmicity, 
only in groups subjected to the stress protocol: CMS and PP+CMS [CMS: F(3, 16) = 
3,74, p = 0,033; PP+CMS: F(3, 12) = 7,38, p = 0,005]. CMS group showed a reduction 
in temperature %VE from Pre stage (M = 99,93, SD =  0,01) to Stress stage (M = 
99,90, SD = 0,01). PP+CMS group exhibited lower %VE in Photoperiod stage (M = 
99,91, SD = 0,02) and, more markedly, in Stress stage (M = 99,90, SD = 0,01) than 
in the Pre stage (M = 99,93, SD = 0,01). At the Post stage (M = 99,92, SD = 0,00), 
%VE elevated to a significantly higher value than at the Stress stage, being similar to 
the Pre stage %VE.  
Next, we compared the amplitudes of activity and temperature between groups 
in each stage. Results are presented in Figure 4. In temperature amplitude (Figure 
4B), the only difference found was between groups in the Pre stage [F(3, 13) = 6,60, p 
= 0,006], when the CT amplitude (M = 0,75, SD = 0,09) was significantly lower than 




Figure 4: Differences in activity and temperature rhythms amplitudes between groups in each 
stage. Differences between activity amplitude (A) and temperature amplitude (B) of each group within 
each stage. Activity amplitude: CT (n=4), CMS (n=5), PP (n=5) and PP+CMS (n=5). Temperature 
amplitude: CT (n=3; Pre: n=4), CMS (n=5), PP (n=4) and PP+CMS (n=4). Data presented as means ± 
SD. * p ≤ 0,05; ** p ≤ 0,01; *** p ≤ 0,005; **** p ≤ 0,001 comparing groups within stages; # p ≤ 0,05; ## 
p ≤ 0,01 comparing group PP+CMS between stages, ANOVA/Tukey. 
 
and CMS amplitude (M = 0,81, SD = 0,05) was also lower than that of PP. In activity 
amplitude (Figure 4A), there were differences between groups in the Post stage [F(3, 
15) = 7,38, p = 0,003], when both PP (M = 18,56, SD = 2,81) and PP+CMS amplitudes 
(M = 19,82, SD = 2,40) were higher than CT  value (M = 11,08, SD = 2,48).  
In Figure 5, the results of the analysis of activity and temperature %VE 
between groups within stages are shown. Differences in activity %VE (Figure 5A) 
were found only in the Post stage [F(3, 15) = 7,44, p = 0,003], when the CT group (M = 
36,94, SD = 3,26) had lower %VE than the other three groups (CMS: M = 46,23, SD 
= 2,77; PP: M = 45,75, SD = 4,39; PP+CMS: M = 45,58, SD = 2,73). In the Stress 
stage, significant changes were observed in temperature %VE [F(3, 12) = 7,41, p = 
0,005] (Figure 5B) between groups CT (M = 99,93, SD = 0,01) and the groups that 
underwent the chronic stress protocol (CMS: M = 99,90, SD = 0,01; PP+CMS: M = 




Figure 5: Differences in activity and temperature rhythms %VE between groups in each stage. 
Differences between activity %VE (A) and temperature %VE (B) of each group within each stage. 
Activity %VE: CT (n=4), CMS (n=5), PP (n=5) and PP+CMS (n=5). Temperature %VE: CT (n=3; Pre: 
n=4), CMS (n=5), PP (n=4) and PP+CMS (n=4). Data presented as means ± SD. * p ≤ 0,05; ** p ≤ 
0,01; *** p ≤ 0,005; **** p ≤ 0,001 comparing groups within stages; ## p ≤ 0,01 comparing group 
PP+CMS between stages, ANOVA/Tukey. † outlier removed (%VE = 99,5819). 
 
Besides the comparison within stages, we observed a significant impact of the 
stage within the PP+CMS group regarding to the activity amplitude [F(3, 16) = 5,96, p = 
0,006] (Figure 4A) and %VE [F(3, 16) = 5,11, p = 0,011] (Figure 5A). In this group, the 
amplitude reduced from the Pre stage (M = 21,21, SD = 4,29) to the Stress stage (M 
= 11,34, SD = 2,70), and recovered to higher values at the Post stage (M = 19,82, SD 
= 2,40). Similarly, the %VE was lower in the Stress stage (M = 37,02, SD = 3,92) 
than in the Pre stage (M = 50,90, SD = 7,00), but the recovery was not as prominent 







In this study, we validated a model of chronic mild stress protocol, photoperiod 
manipulation and the combination of these interventions, showing that each of these 
factor have different effects over biological rhythms of temperature and activity-rest of 
male BALB/c mice. Some of the significant differences found, however, are not 
consequence of the protocols administered. For example, the only explanation we 
could think for the differences in temperature amplitude seen in the Pre stage is 
variability between the natural physiology of the mice in each group. The elevated 
temperature amplitude seen in the Post stage comparing to other stages in all groups 
is probably due to the aging of the animals, since they began the experiment 46-days 
old and, at the Post stage, they had between 86 and 104 days. Also, differences 
between activity amplitude of PP and PP+CMS groups and CT group in the Post 
stage are probably due to the basal higher activity amplitude in the Pre stage 
summed to an exacerbation of this amplitude in the recovery from the interventions 
these groups underwent. 
Pilz et al. (2014) showed that a protocol of 10 days (12 cycles) of shortened 
photoperiod from 12:12h LD to 10:10h LD led to delayed temperature acrophase, 
reduced temperature amplitude and period alteration of this rhythm in BALB/c mice, 
suggesting that this strain is more susceptible to photoperiod manipulations. Here we 
subjected the animals to 4 cycles of 10:10h LD, based on the results of Pilz et al. 
(2015) that demonstrated a maximum disruption of activity and temperature rhythms 
after only 4 cycles of shortened photoperiod, after which mice proceeded with 
attempts to resynchronize their rhythms to the altered LD cycle. As expected, we 
found a delay in acrophases of both rhythms under photoperiod alteration to 10:10h 
LD, as well as a decrease in temperature amplitude (group PP) and %VE (group 
PP+CMS). Differently from Pilz et al., we did not find significant differences in activity 
amplitude, however this must be due to our small number of animals per group (n = 5 
at the beginning of the experiment) and to the high variability in some measures, 
evident through the large standard deviations. 
We also found a phase advance in acrophases of activity and temperature 
rhythms over the application of the stress protocol, with reduction of the circadian 
variability component (%VE) of temperature rhythm. Bartlang et al. (2015) 
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demonstrated that C57BL/6J mice exposed to repeated social defeat stress had an 
increase in activity and body temperature during each stress session, followed by a 
decrease in activity over the remaining day, independent of the time of stress 
exposure. A similar effect can be seen in our results, since BALB/c mice exhibited 
elevated temperature and activity during the CMS protocol over the light phase, when 
2 of the 3 daily stressors were administered, and this elevation was compensated by 
a decreased activity through the dark phase. This is also corroborated by our findings 
of advanced acrophases, aspect not evaluated by Bartlang et al.,that indicate a shift 
of the rhythms peaks to the light phase. 
Regarding to the group PP+CMS, we found that manipulation of photoperiod, 
which delayed rhythms acrophases, previous to application of the CMS protocol 
resulted in a magnified effect in the advance of temperature acrophase and a not so 
effective advance in activity acrophase. We observed a reduction in temperature 
%VE in both Photoperiod and Stress stages, with the difference between Pre stage 
and Stress stage being stronger than observed in the CMS group, but still capable of 
returning to basal values in the Post stage. Also, we found that activity amplitude of 
PP+CMS group decreased significantly from Pre stage to Stress stage, which 
couldn’t be observed in the groups subjected to only one of the interventions. This 
highlights the potentiated effect of altering the photoperiod previously to 
implementing the stress protocol over the alterations in biological rhythms. 
The association between chronic stress and the circadian clock system has 
been studied, either by evaluation of circadian rhythms (Gorka, Moryl and Papp, 
1996; Thompson et al., 2014) or expression of clock genes (Takahashi et al., 2013), 
as well as the connection between photoperiod alterations and the biological clock 
(Oishi et al., 2015). However, these works only investigate each intervention 
separately, disregarding its combined outcome. Besides its effects over the circadian 
system, changes in photoperiod are associated with affective disorders such as major 
depression (Green et al., 2015) and bipolar disorder (Young et al., 2015), conditions 
that can arise from periods of chronic stressing conditions (Czéh et al., 2015) and are 
linked to rhythmicity perturbation (Landgraf et al., 2014). This underscores the 
importance of our work for further understanding the mechanisms involved in the 
association of light/dark alterations (like shift-work or jet lag) and stress (such as 
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post-traumatic stress disorder), to later cultivate actions for preventing the onset of 
mental conditions. 
In this study, we developed a model to investigate the impact of photic 
manipulation and/or stress over circadian rhythms. We demonstrated that acute 
photoperiod alterations previous to chronic mild stress periods sensitize animals to 
reductions in activity and temperature rhythms robustness, what could lead to 
behavioral disturbances and, possibly, to development of mental disorders. 
Therefore, these findings shed light over the potential hazard of subjecting individuals 
(or oneself) to unnatural light/dark regimes that could be followed or accompanied by 
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6 CONCLUSÕES E PERSPECTIVAS 
 
Neste trabalho, estabelecemos um modelo animal que permite avaliar os 
efeitos de manipulação do fotoperíodo e de estresse crônico moderado, 
independentemente e em conjunto. Pudemos identificar a influência destas 
intervenções sobre os ritmos de temperatura central e atividade-repouso, 
observando resultados condizentes com a literatura quando da aplicação de cada 
intervenção separadamente: atraso da acrofase e redução da amplitude da 
temperatura sob regime de 10:10h CE; e adiantamento da acrofase e redução do 
componente circadiano (%VE) da temperatura sob protocolo de estresse crônico. 
Além de confirmarmos a validade de nosso modelo através dos resultados 
corroborados por outros estudos, demonstramos que a combinação de manipulação 
de fotoperíodo com estresse resulta em efeitos mais pronunciados sobre os ritmos 
biológicos avaliados, e que todos os grupos experimentais foram capazes de 
recuperar o padrão rítmico basal após suspendermos as intervenções. 
Tendo determinado o efeito sobre os parâmetros rítmicos avaliados neste 
primeiro estudo, pretendemos aumentar o tamanho amostral – reduzido neste 
primeiro momento por questões técnicas de espaço e tempo reduzidos – para tentar 
identificar outras alterações que possam não ter sido estatisticamente significativas 
devido ao número limitado de animais. Além disso, iremos proceder a análises de 
variabilidade interna dos ritmos avaliados para identificar possíveis mudanças não 
identificadas pelos métodos de análise utilizados. 
Quando procedemos à eutanásia, amostras de soro foram coletadas e os 
encéfalos dos animais foram removidos e congelados. Iremos analisar, nas amostras 
de sangue, as concentrações de corticosterona e de melatonina, para comparar o 
estresse (via corticosterona) e o estado do relógio biológico (via melatonina) ao final 
do experimento, quando já observamos uma recuperação dos ritmos avaliados ao 
padrão basal que pode não se refletir no nível bioquímico. Os encéfalos serão 
analisados por técnicas de proteômica para verificação de mudanças em proteínas e 




Por fim, realizaremos testes comportamentais no modelo desenvolvido para 
estudar a influência da combinação da manipulação de fotoperíodo com estresse 
crônico moderado sobre questões psicológicas não relativas aos ritmos. Através do 
teste claro-escuro, avaliaremos a expressão de ansiedade dos animais e, com o 
teste de preferência por solução de sacarose (adaptado para padronização durante 
a realização deste trabalho), identificaremos a presença de comportamento tipo-
depressivo. Desta forma, poderemos determinar se a conjunção das intervenções 
representa um risco potencial de desenvolvimento de transtornos de humor maior do 

























BARTLANG, M.S.; OSTER, H.; HELFRICH-FÖRSTER, C. Repeated psychosocial 
stress at night affects the circadian activity rhythm of male mice. Journal of 
Biological Rhythms, 30 (3), p. 228-241, 2015. 
 
CAJOCHEN, C.; KRÄUCHI, K.; WIRZ-JUSTICE, A. Role of Melatonin in the 
Regulation of Human Circadian Rhythms and Sleep. Journal of 
Neuroendocrinology, 15 (4), p 432–437, abril 2003. 
 
CAMBRAS, T. et al. Circadian desynchronization of core body temperature and sleep 
stages in the rat. PNAS, 104 (18), p. 7634-7639, 2007. 
 
DARDENTE, H. et al. Molecular Circadian Rhythms in Central and Peripheral Clocks 
in Mammals. Chronobiology International, 24 (2), p. 195-213, 2007. 
 
DETANICO, B. C. et al. Antidepressant-like effects of melatonin in the mouse chronic 
mild stress model. Eur J Pharmacol, 607 (1-3), p. 121-125, 2009. 
 
EHLERS, C. L. et al. Social zeitgebers and biological rhythms: a unified approach to 
understanding the etiology of depression. Arch Gen Psychiatry, 45 (10), p. 948-952, 
1988.  
 
ERREN, T.C.; REITER, R.J. Revisiting chronodisruption: when the physiological 
nexus between internal and external times splits in humans. 
Naturwissenschaften, 100 (4), p. 291-298, 2013  
 
FILIPSKI, E. et al. Effects of Chronic Jet Lag on Tumor Progression in Mice. Cancer 
Res., 64, p. 7879-7885, nov. 2004. 
 
FU, L. et al. The Circadian Gene Period2 Plays an Important Role in Tumor 
Suppression and DNA Damage Response In Vivo. Cell, 111, p. 41–50, out. 2002. 
41 
 
FU, L.; LEE, C.C. The circadian clock: pacemaker and tumour suppressor. Nature 
Reviews Cancer, 3, p. 350-361, maio 2003. 
 
GARAULET, M.; GÓMEZ-ABELLÁN, P. Chronobiology and obesity. Nutr. Hosp., 
28(Supl. 5), p. 114-120, 2013. 
 
GRANDIN, L. D. et al. The social zeitgeber theory, circadian rhythms, and mood 
disorders: review and evaluation. Clinical Psychology Review, 26 (6), p. 679-694, 
2006. 
 
HARIDAS, S. et al. Melatonin ameliorates chronic mild stress induced behavioral 
dysfunctions in mice. Physiology & Behavior, 119, p. 201-207, 2013. 
 
HERRERO, L. et al. Altered Circadian Rhythm and Metabolic Gene Profile in Rats 
Subjected to Advanced Light Phase Shifts. PLoS ONE, 10.4 (2015): e0122570, maio 
2015.  
 
HIDALGO, M.P.L., et al. 6-Sulfatoxymelatonin as a predictor of clinical outcome in 
depressive patients. Hum Psychopharmacol, 26 (3), p. 252–257, 2011. 
 
KESSLER, R. C. The effects of stressful life events on depression. Annual Review 
of Psychology, 48, p. 191-214, 1997. 
 
KIM, T.W.; JEONG, J.-H.; HONG, S.-C. The Impact of Sleep and Circadian 
Disturbance on Hormones and Metabolism. International Journal of 
Endocrinology,  2015 (2015): 591729, maio 2015. 
 
LANDGRAF, D.; MCCARTHY, M.J.; WELSH, D.K. Circadian clock and stress 
interactions in the molecular biology of psychiatric disorders. Curr. Psychiatry Rep., 




LUCA, A.; LUCA, M.; CALANDRA, C. Sleep disorders and depression: brief review of 
the literature, case report, and nonpharmacologic interventions for depression. 
Clinical Interventions in Aging, 8, p. 1033–1039, 2013. 
 
MEERLO, P.; SGOIFO, A.; TUREK, F.W. The effects of social defeat and other 
stressors on the expression of circadian rhythms. Stress, 5 (1), p. 15-22, fev. 2002. 
 
MISTLBERGER, R.E. Neurobiology of food anticipatory circadian rhythms. 
Physiology & Behavior, 104 (4), p. 535-545, set. 2011. 
 
MOHAWK, J.A.; GREEN, C.B.; TAKAHASHI, J.S. Central and peripheral circadian 
clocks in mammals. Annual Review of Neuroscience, 35, 445–462, 2012. 
 
PALUMBO, M. L. et al. Loss of hippocampal neuronal nitric oxide synthase 
contributes to the stress-related deficit in learning and memory. Journal of 
Neurochemistry, 102, p. 261-274, 2007. 
 
PILZ, L.K. Effects of N-acetylcysteine and imipramine in a model of acute rhythm 
disruption in BALB/c mice. Chronobiology International, Early Online: 1–8, 2014. 
 
PILZ, L.K. et al . Differential susceptibility of BALB/c, C57BL/6N, and CF1 mice to 
photoperiod changes. Rev. Bras. Psiquiatr., ahead of print Epub, mar. 2015. 
 
REPPERT, S.M.; WEAVER, D.R. Coordination of circadian timing in mammals. 
Nature, 418, p. 935-941, ago. 2002. 
 
ROENNEBERG, T.  Chronobiology: The human sleep project. Nature, 498, p. 427-428, 
jun. 2013. 
 
SCHIBLER, U.; SASSONE-CORSI, P. A Web of Circadian Pacemakers. Cell, 111 
(7), p. 919-922, dez. 2002. 
43 
 
SOLAREWICZ, J.Z. et al. The sleep-wake cycle and motor activity, but not 
temperature, are disrupted over the light-dark cycle in mice genetically depleted of 
serotonin. American Journal of Physiology - Regulatory, Integrative and 
Comparative Physiology, 308 (1), p. R10-R17, jan. 2015 
 
SRINIVASAN, V., et al. Melatonin in mood disorders and Agomelatine’s 
antidepressant efficacy. In: Srinivasan, V.; Brzezinski, A.; Oter, S.; Shillcutt, S.D., 
eds. Melatonin and Melatonergic Drugs in Clinical Practice, New York: Springer, 
p. 281–295, 2014. 
 
TAHARA, Y.; SHIBATA, S. Chronobiology and nutrition. Neuroscience, 253, p. 78-
88, dez. 2013. 
 
TAKAHASHI, K. et al. Chronic mild stress alters circadian expressions of molecular 
clock genes in the liver. Am J Physiol Endocrinol Metab, 304, p. E301-E309, 2013. 
 
TOKIZAWA, K. et al. Estimation of the core temperature control during ambient 
temperature changes and the influence of circadian rhythm and metabolic conditions 
in mice. Journal of Thermal Biology, 51, p. 47-54, jul. 2015. 
 
TUREK, F.W. et al. Obesity and metabolic syndrome in circadian Clock mutant mice. 
Science, 308 (5724), p. 1043–1045, 2005. 
 
TUREK, F.W.; GILLETTE, M.U. Melatonin, sleep, and circadian rhythms: rationale for 
development of specific melatonin agonists. Sleep Medicine, 5 (6), p. 523-532, nov. 
2004. 
 
WIRZ-JUSTICE, A. Chronobiology and mood disorders. Dialogues Clin. Neurosci., 
5(4), p. 315–325, dez. 2003. 
 
WU, Y.H.; SWAAB, D.F. The human pineal gland and melatonin in aging and 
alzheimer's disease. J Pineal Res., 38 (3), p. 145-152, abr. 2005. 
 
YANG, S. et al. The role of mper2 clock gene in glucocorticoid and feeding 
rhythms. Endocrinology, 150 (5), p. 2153–2160, 2009. 
44 
 












































TABLE OF CONTENTS 
.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            . 
 
•       Description p.1 
•       Audience p.1 
•       Impact Factor p.1 
•       Abstracting and Indexing p.2 
•       Editorial Board p.2 







The Journal of Neuroscience Methods publishes papers that describe new methods that 
are specifically for neuroscience research conducted in invertebrates, vertebrates or in 
man. Major methodological improvements or important refinements of established 
neuroscience methods are also considered for publication. The Journal's Scope includes 
all aspects of contemporary neuroscience research, including anatomical, behavioural, 
biochemical, cellular, computational, molecular, invasive and non-invasive imaging, 
optogenetic, and physiological research investigations. 
 
The Journal no longer publishes papers that exclusively deal with research on skin, 
muscle (and muscle function, evoked muscle activity, EMG, motor evoked potentials, 
kinematics, motor learning, rehabilitation) and eye (retina, EOG, hand-eye co-
ordination). Analytical and binding methods for neuroactive 
drugs/neurotransmitters/other endogenous nervous system substances, as well as 
manuscripts that deal with language, toxicology, clinical trials and case reports are also 























Elsevier BIOBASE Chemical Abstracts 
Current Contents/Life Sciences 
MEDLINE® EMBASE 








Vincenzo Crunelli, Cardiff School of Biosciences, Cardiff University, Museum Avenue, Cardiff, 
CF10 3AX, UK 
 
Associate Editors 
V. Calhoun, The Mind Research Network, Albuquerque, New Mexico, USA 
D.A. Carter, Cardiff University, Cardiff, UK 
G. Di Giovanni, University of Malta, Msida, Malta 
R. Hampson, Wake Forest University Health Sciences, Winston-Salem, North Carolina, USA 
S. Panzeri, Istituto Italiano di Tecnologia (IIT), Rovereto, Italy G. Riedel, University of Aberdeen, 
Foresterhill, Scotland, UK F.G. Wouterlood, VU University, Amsterdam, Netherlands 
 
Previous Editors-in-Chief 
G.A. Gerhardt, University of Kentucky, Chandler Medical Centre, Lexington, Kentucky, USA 
J.S. Kelly, University of Edinburgh, Edinburgh, UK 
 
Editorial Board 
L. Acsády, Institute of Experimental Medicine, Budapest, Hungary 
A. Anwander, Max Planck Institute (MPI) for Human Cognitive and Brain Sciences, Leipzig, 
Germany 
Y. Assaf, Tel Aviv University, Tel Aviv, Israel 
M. Avoli, Montreal Neurological Hospital and Institute, Montreal, Quebec, Canada 
M. Ben-Shahar, Bar-llan University, Ramat Gan, Israel 
J. Bockaert, Centre National de la Recherche Scientifique (CNRS), Montpellier, France 
M. Bortolato, University of Kansas, Lawrence, Kansas, USA 
J.E. Bottenstein, University of Texas Medical Branch, Galveston, Texas, USA 
D.A. Brown, University College London (UCL), London, UK 
R.J. Carey, Veterans Affairs (VA) Medical Center, Syracuse, New York, USA 
S. Chattarji, Tata Institute of Fundamental Research, Bangalore, India 
L. J. Chew, Children's National Medical Center, Washington DC, Washington, USA 
A. Cichocki, RIKEN, Wako-shi, Saitama, Japan 
F. Cong, University of Jyväskylä, Jyväskylä, Finland 
J. Dauwels, Nanyang Technological University, Singapore, Singapore 
D.M. Diamond, University of South Florida, Tampa, Florida, USA 
T. Fellin, Istituto Italiano di Tecnologia (IIT), Genova, Italy 
S. Galati, Ospedale Civico di Lugano, Lugano, Switzerland 
H.M. Geller, National Heart, Lung and Blood Institute (NHLBI), Bethesda, Maryland, USA 
A.H. Gjedde, University of Copenhagen, Copenhagen, Denmark 
D. M. Halliday, University of York, York, England, UK 
K.F. Hauser, University of Kentucky, Chandler Medical Centre, Lexington, Kentucky, USA B.J. 
Hoffer, National Institute on Drug Abuse (NIDA) (NIH), Baltimore, Maryland, USA J.P. Huston, 
Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany 
J.G.R. Jefferys, University of Oxford, Oxford, UK 
J.E. Joseph, University of Kentucky, Lexington, Kentucky, USA 
I. Kahn, Technion - Israel Institute of Technology, Haifa, Israel 
J.H. Kordower, Rush University Medical Center, Chicago, Illinois, USA 
N. Leresche, Université Pierre et Marie Curie, Sorbonne Universités, Paris, France 
L. Lin, East China Normal University, Shanghai, China 
F. Ling, Tsinghua University, Beijing, China 
E. Maris, Radboud Universiteit Nijmegen, Nijmege, Netherlands
B. Mazoyer, Université de Caen Basse Normandie, Caen cedex, France 
J. McCulloch, University of Edinburgh, Edinburgh, UK 
M. Otsuka, Nippon Zoki Pharmaceutical Co., Ltd., Kato-gun, Hyogo-ken, Japan 
F. Porreca, University of Arizona Health Services, Tucson, Arizona, USA 
47 
 
S. Ray, Indian Institute of Science, Bangalore, India 
M.E.A. Reith, New York University (NYU) School of Medicine, New York, New York, USA 
K.G. Reymann, Institute of Neurobiology, Magdeburg, Germany 
D.B. Rowe, Marquette University, Milwaukee, Wisconsin, USA 
M. Segal, Weizmann Institute of Science, Rehovot, Israel 
F. Sengpiel, Cardiff University, Cardiff, UK 
Z. Struzik, RIKEN, Wako-shi, Japan 
R.D. Traub, State University of New York (SUNY) Downstate Medical Center, Brooklyn, New York, 
USA 
V. Tucci, Istituto Italiano di Tecnologia (IIT), Genova, Italy 
C. van Horne, Caritas St. Elizabeth's Hospital, Brighton, Massachusetts, USA J. Wang, University 
of British Columbia, Vancouver, British Columbia, Canada Y. Wang, Tulane University, New 
Orleans, Louisiana, USA 
B.C. Wheeler, University of Illinois at Urbana-Champaign, Urbana, USA 
J. Wickens, Okinawa Inst. of Science & Tech., Okinawa 90, Japan 

































GUIDE FOR AUTHORS 
. 
 
Your Paper Your Way 
We now differentiate between the requirements for new and revised submissions. You 
may choose to submit your manuscript as a single Word or PDF file to be used in the 
refereeing process. Only when your paper is at the revision stage, will you be requested 
to put your paper in to a 'correct format' for acceptance and provide the items required 
for the publication of your article. 
To find out more, please visit the Preparation section below. 
 
INTRODUCTION 
The Journal of Neuroscience Methods publishes papers that describe new methods for 
neuroscience research conducted in invertebrates or vertebrate model species, or in 
man. Major methodological improvements or important refinements of established 
neuroscience methods are also considered for publication. The Journal's Scope includes all 
aspects of contemporary neuroscience research, including anatomical, behavioural, 
biochemical, cellular, computational, molecular, invasive and non-invasive imaging, 
optogenetic, and physiological research investigations. 
 
The Journal no longer publishes papers that exclusively deal with research on skin, 
muscle (and muscle function, evoked muscle activity, EMG, motor evoked potentials, 
kinematics, motor learning, rehabilitation) and eye (retina, EOG, hand-eye co-
ordination). Analytical and binding methods for neuroactive 
drugs/neurotransmitters/other endogenous nervous system substances, as well as 
manuscripts that deal with language, toxicology, clinical trials and case reports are also not 
considered for publication. 
 
Article types 
Journal of Neuroscience Methods publishes papers dealing with new methods or 
significant developments of recognised methods, used to investigate the organisation 
and fine structure, biochemistry, molecular biology, histo and cytochemistry, physiology, 
biophysics and pharmacology of receptors, neurones, synapses, and glial cells; in 
the nervous system of man, vertebrates and invertebrates - or applicable to the 
clinical and behavioural sciences, tissue culture, neurocommunications, biocybernetics or 
computer software. 
 
a) Research Articles are considered for publication provided that they describe new 
methods or significant developments of recognized methods. 
 
b) Short Communications are short research articles for preliminary accounts of work 
and significant case reports. They must contain original experimental results and should 
be complete in all respects. 
 
c) Review Articles are exhaustive reviews on a specific topic. Authors should always 
endeavor to make their reviews understandable to neuroscientists of other disciplines. 
 
d) Mini- Review articles are shorter reviews intended either to draw attention to 
developments in a specific field or burgeoning field. 
 
e) Commentaries - The Journal publishes 1-2 page critical Commentaries on published 
articles. The goal of the commentary format is to advance the field by providing a forum 
for varying perspectives on a topic. While a commentary may be critical of a focal article, 
it is important to maintain a respectful tone that is critical of ideas and not of authors. 
Commentaries may be followed by a 1-2-page Author Rebuttal. Commentaries are 
typically invited by the Editors, but unsolicited commentaries are also welcome via the 
electronic submission system for the journal. Commentaries will not go through the 





f) Special Issues - The journal welcomes proposals for special issues on topics that fall 
within the scope of the journal. Those wishing to guest edit a special issue should 
prepare a proposal that explains the anticipated contribution of the special issue in 
advancing our understanding in this area. The proposal should also identify prospective 
papers and authors and give an indication of the time- scale in which the special issue 




Ethics in Publishing 




'ARRIVE' guidelines for reporting research 
 
The Journal of Neuroscience Methods endorses the ARRIVE Guidelines 
http://jp.physoc.org/content/588/14/2519.full.pdf+html and expect authors to refer to 
them before submission of a manuscript that includes animal experiments. 
 
Conflict of interest 
All authors are requested to disclose any actual or potential conflict of interest including 
any financial, personal or other relationships with other people or organizations within 
three years of beginning the submitted work that could inappropriately influence, or be 
perceived to influence, their work. See also http://www.elsevier.com/conflictsofinterest. 




Submission of an article implies that the work described has not been published 
previously (except in the form of an abstract or as part of a published lecture or 
academic thesis), that it is not under consideration for publication elsewhere, that its 
publication is approved by all authors and tacitly or explicitly by the responsible 
authorities where the work was carried out, and that, if accepted, it will not be 
published elsewhere including electronically in the same form, in English or in any other 
language, without the written consent of the copyright-holder. 
 
Change of Policy: The Editors-in Chief and the Publisher inform our readership that from 
1st October 
2011 the Journal of Neuroscience Methods will no longer accept manuscripts describing 
methods and techniques relating exclusively to either eye, retina, muscle function, limb 
kinematics and EMG. We will still consider for publication manuscripts dealing with 
techniques related to any of the above mentioned subjects when in strong combination 
with methods related to the peripheral and central nervous system. 
 
Submission declaration and verification 
Submission of an article implies that the work described has not been published 
previously (except in the form of an abstract or as part of a published lecture or 
academic thesis or as an electronic preprint, see http://www.elsevier.com/sharingpolicy), 
that it is not under consideration for publication elsewhere, that its publication is 
approved by all authors and tacitly or explicitly by the responsible authorities where the 
work was carried out, and that, if accepted, it will not be published elsewhere in the 
same form, in English or in any other language, including electronically without the 
written consent of the copyright-holder. To verify originality, your article may be checked 
by the originality detection service CrossCheck 
http://www.elsevier.com/editors/plagdetect. 
 
Changes to authorship 
This policy concerns the addition, deletion, or rearrangement of author names in the 
authorship of accepted manuscripts: 
50 
 
Before the accepted manuscript is published in an online issue: Requests to add or 
remove an author, or to rearrange the author names, must be sent to the Journal Manager 
from the corresponding author of the accepted manuscript and must include: (a) the 
reason the name should be added or removed, or the author names rearranged and (b) 
written confirmation (e-mail, fax, letter) from all authors that they agree with the 
addition, removal or rearrangement. In the case of addition or removal of authors, this 
includes confirmation from the author being added or removed. Requests that are not 
sent by the corresponding author will be forwarded by the Journal Manager to the 
corresponding author, who must follow the procedure as described above. Note that: (1) 
Journal Managers will inform the Journal Editors of any such requests and (2) publication 
of the accepted manuscript in an online issue is suspended until authorship has been 
agreed. 
After the accepted manuscript is published in an online issue: Any requests to add, delete, 
or rearrange author names in an article published in an online issue will follow the same 
policies as noted above and result in a corrigendum.
Copyright 
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing 
Agreement' (for more information on this and copyright, see 
http://www.elsevier.com/copyright). An e-mail will be sent to the corresponding author 
confirming receipt of the manuscript together with a 'Journal Publishing Agreement' 
form or a link to the online version of this agreement. 
 
Subscribers may reproduce tables of contents or prepare lists of articles including abstracts 
for internal circulation within their institutions. Permission of the Publisher is required for 
resale or distribution outside the institution and for all other derivative works, including 
compilations and translations (please consult http://www.elsevier.com/permissions). If 
excerpts from other copyrighted works are included, the author(s) must obtain written 
permission from the copyright owners and credit the source(s) in the article. Elsevier has 
preprinted forms for use by authors in these cases: please consult 
http://www.elsevier.com/permissions. 
 
For open access articles: Upon acceptance of an article, authors will be asked to complete 
an 'Exclusive License Agreement' (for more information see 
http://www.elsevier.com/OAauthoragreement). Permitted third party reuse of open 




As an author you (or your employer or institution) have certain rights to reuse your 
work. For more information see http://www.elsevier.com/copyright. 
 
Role of the funding source 
You are requested to identify who provided financial support for the conduct of the 
research and/or preparation of the article and to briefly describe the role of the 
sponsor(s), if any, in study design; in the collection, analysis and interpretation of data; 
in the writing of the report; and in the decision to submit the article for publication. If 
the funding source(s) had no such involvement then this should be stated. 
 
Funding body agreements and policies 
Elsevier has established agreements and developed policies to allow authors whose 
articles appear in journals published by Elsevier, to comply with potential manuscript 
archiving requirements as specified as conditions of their grant awards. To learn more 
about existing agreements and policies please visit 
http://www.elsevier.com/fundingbodies. 
 





As a service to our authors, Elsevier will deposit to PubMed Central (PMC) author 
manuscripts on behalf of Elsevier authors reporting NIH funded research. This service is 
a continuation of Elsevier's 
2005 agreement with the NIH when the NIH introduced their voluntary 'Public Access 
Policy.' 
 
The service will help authors comply with the National Institutes of Health (NIH) revised 
''Public Access Policy,'' effective April 7, 2008. The NIH's revised policy requires that 
NIH-funded authors submit to PubMed Central (PMC), or have submitted on their behalf, 
their peer-reviewed author manuscripts, to appear on PMC no later than 12 months 
after final publication. 
 
Elsevier will send to PMC the final peer-reviewed manuscript, which was accepted for 
publication and sent to Elsevier's production department, and that reflects any 
author-agreed changes made in response to peer-review comments. Elsevier will 
authorize the author manuscript's public access posting 12 months after final publication. 
Following the deposit by Elsevier, authors will receive further communications from 
Elsevier and NIH with respect to the submission. 
 
Authors are also welcome to post their accepted author manuscript on their personal or 
institutional web site. Please note that consistent with Elsevier's author agreement, 
authors should not post manuscripts directly to PMC or other third party sites. Individual 
modifications to this general policy may apply to some Elsevier journals and society 
publishing partners.
As a leading publisher of scientific, technical and medical (STM) journals, Elsevier has led 
the industry in developing tools, programs and partnerships that provide greater access 
to, and understanding of, the vast global body of STM information. This service is an 
example of Elsevier willingness to work cooperatively to meet the needs of all 
participants in the STM publishing community. 
 
Open access 
This journal offers authors a choice in publishing their research: 
 
Open access 
• Articles are freely available to both subscribers and the wider public with permitted 
reuse 
• An open access publication fee is payable by authors or on their behalf e.g. by their 
research funder or institution 
Subscription 
• Articles are made available to subscribers as well as developing countries and patient 
groups through our universal access programs (http://www.elsevier.com/access). 
• No open access publication fee payable by authors. 
 
Regardless of how you choose to publish your article, the journal will apply the same 
peer review criteria and acceptance standards. 
 
For open access articles, permitted third party (re)use is defined by the following 
Creative Commons user licenses: 
 
Creative Commons Attribution (CC BY) 
Lets others distribute and copy the article, create extracts, abstracts, and other revised 
versions, adaptations or derivative works of or from an article (such as a translation), 
include in a collective work (such as an anthology), text or data mine the article, even 
for commercial purposes, as long as they credit the author(s), do not represent the 
author as endorsing their adaptation of the article, and do not modify the article in such 
a way as to damage the author's honor or reputation. 
 
Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND) 
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For non-commercial purposes, lets others distribute and copy the article, and to include in 
a collective work (such as an anthology), as long as they credit the author(s) and 
provided they do not alter or modify the article. 
 
The open access publication fee for this journal is USD 1800, excluding taxes. Learn 
more about 
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing. 
 
Language (usage and editing services) 
Please  write  your  text  in  good  English  (American  or  British  usage  is  accepted,  
but  not  a mixture  of  these).  Authors  who  feel  their  English  language  manuscript  
may  require  editing to  eliminate  possible  grammatical  or  spelling  errors  and  to  
conform  to  correct  scientific English  may  wish  to  use  the  English  Language  
Editing  service  available  from  Elsevier's WebShop 
(http://webshop.elsevier.com/languageediting/) or visit our customer support site 
(http://support.elsevier.com) for more information. 
 
Submission 
Submission to this journal proceeds totally online and you will be guided stepwise through 
the creation and uploading of your files. The system automatically converts source files 
to a single PDF file of the article, which is used in the peer-review process. Please note 
that even though manuscript source files are converted to PDF files at submission for the 
review process, these source files are needed for further processing after acceptance. All 
correspondence, including notification of the Editor's decision and requests for revision, 
takes place by e-mail removing the need for a paper trail. 
 
Submission Website 






Submission to this journal proceeds totally online and you will be guided stepwise through 
the creation and uploading of your files. The system automatically converts your files to 
a single PDF file, which is used in the peer-review process.
As part of the Your Paper Your Way service, you may choose to submit your manuscript as 
a single file to be used in the refereeing process. This can be a PDF file or a Word 
document, in any format or lay- out that can be used by referees to evaluate your 
manuscript. It should contain high enough quality figures for refereeing. If you prefer to 
do so, you may still provide all or some of the source files at the initial submission. 
Please note that individual figure files larger than 10 MB must be uploaded separately. 
 
References 
There are no strict requirements on reference formatting at submission. References can be 
in any style or format as long as the style is consistent. Where applicable, author(s) 
name(s), journal title/book title, chapter title/article title, year of publication, volume 
number/book chapter and the pagination must be present. Use of DOI is highly 
encouraged. The reference style used by the journal will be applied to the accepted 
article by Elsevier at the proof stage. Note that missing data will be highlighted at proof 
stage for the author to correct. 
 
Formatting requirements 
There are no strict formatting requirements but all manuscripts must contain the 
essential elements needed to convey your manuscript, for example Abstract, Keywords, 
Introduction, Materials and Methods, Results, Conclusions, Artwork and Tables with 
Captions. 
If your article includes any Videos and/or other Supplementary material, this should be 
included in your initial submission for peer review purposes. 




Figures and tables embedded in text 
Please ensure the figures and the tables included in the single file are placed next to the 
relevant text in the manuscript, rather than at the bottom or the top of the file. 
 
REVISED SUBMISSIONS Language 
Authors who require information about language editing and copyediting services pre- 
and post- submission please  visit http://www.elsevier.com/locate/languagepolishing 
for more information. Please note Elsevier neither endorses nor takes responsibility for 
any products, goods or services offered by outside vendors through our services or in 
any advertising. For more information please refer to our terms and Conditions 
http://www.elsevier.com/termsandconditions 
 
Use of word processing software 
Regardless of the file format of the original submission, at revision you must provide us 
with an editable file of the entire article. Keep the layout of the text as simple as 
possible. Most formatting codes will be removed and replaced on processing the article. 
The electronic text should be prepared in a way very similar to that of conventional 
manuscripts (see also the Guide to Publishing with Elsevier: 
http://www.elsevier.com/guidepublication). See also the section on Electronic artwork. 
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 
'grammar-check' functions of your word processor. 
 
LaTeX 
You   are   recommended   to   use   the   Elsevier   article   class   elsarticle.cls 
(http://www.ctan.org/tex-archive/macros/latex/contrib/elsarticle) to prepare your 
manuscript and BibTeX (http://www.bibtex.org) to generate your bibliography. 




As a rule, Full Length Reports and Review Articles should be divided into sections 
headed by a caption (Abstract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures and Legends). Acknowledgements for 
personal and technical assistance should follow the Discussion section. Financial support 
should be indicated in the Acknowledgements. Short Communications Manuscripts of 
length up to a maximum of 3,000 words (including figure legends but not references), 
with no more than 1 figure and 1 table or 2 of either, will be considered for publication. 
Articles must be written in English, contain original experimental results, and should be 
complete in all respects. The layout and style should adhere strictly to the instructions 
given below and, in particular, the literature reference style (no more than 15 
references).
Subdivision - numbered sections 
Divide your article into clearly defined and numbered sections. Subsections should be 
numbered 
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). 
Use this numbering also for internal cross-referencing: do not just refer to 'the text'. 




State the objectives of the work and provide an adequate background, avoiding a 
detailed literature survey or a summary of the results. 
 
Material and methods 
Provide sufficient detail to allow the work to be reproduced. Methods already published 
should be indicated by a reference: only relevant modifications should be described. 
 
Experimental 
Provide sufficient detail to allow the work to be reproduced. Methods already published 





A Theory section should extend, not repeat, the background to the article already dealt 
with in the Introduction and lay the foundation for further work. In contrast, a 
Calculation section represents a practical development from a theoretical basis. 
 
Results 
Results should be clear and concise. 
 
Discussion 
This should explore the significance of the results of the work, not repeat them. A 
combined Results and Discussion section is often appropriate. Avoid extensive citations 
and discussion of published literature. 
 
Conclusions 
The main conclusions of the study may be presented in a short Conclusions section, 




If there is more than one appendix, they should be identified as A, B, etc. Formulae and 
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in 
a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; 
Fig. A.1, etc. 
 
Essential title page information 
The number of text pages of the whole manuscript (including figures and tables) and 
the number of figures and tables. 
 
• Title. Concise and informative. Titles are often used in information-retrieval systems. 
Avoid abbreviations and formulae where possible. 
 
•Author names and affiliations. Where the family name may be ambiguous (e.g., a 
double name), please indicate this clearly. Present the authors' affiliation addresses 
(where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the 
appropriate address. Provide the full postal address of each affiliation, including the 
country name, and, if available, the e-mail address of each author. 
 
•Corresponding author. Clearly indicate who will handle correspondence at all stages 
of refereeing and publication, also post-publication. Ensure that telephone and fax 
numbers (with country and area code) are provided in addition to the e-mail 
address and the complete postal address. 
 
•Present/permanent address. If an author has moved since the work described in the 
article was done, or was visiting at the time, a "Present address" (or "Permanent 
address") may be indicated as a footnote to that author's name. The address at which 
the author actually did the work must be retained as the main, affiliation address. 
Superscript Arabic numerals are used for such footnotes.
Abstract 
A concise and factual abstract is required. An abstract is often presented separate from 
the article, so it must be able to stand alone. For this reason, References and non-
standard or uncommon abbreviations should be avoided. The Abstract should be less than 
250 words and should be structured into the following separate paragraphs, each with 
the following subheadings: 
Background New Method Results 
Comparison with Existing Method(s) Conclusions 
 
Graphical abstract 
Although a graphical abstract is optional, its use is encouraged as it draws more attention 
to the online article. The graphical abstract should summarize the contents of the article 
in a concise, pictorial form designed to capture the attention of a wide readership. 
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Graphical abstracts should be submitted as a separate file in the online submission 
system. Image size: Please provide an image with a minimum of 531 × 1328 pixels (h 
× w) or proportionally more. The image should be readable at a size of 5 × 
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or 
MS Office files. See http://www.elsevier.com/graphicalabstracts for examples. 
Authors can make use of Elsevier's Illustration and Enhancement service to ensure the 




Highlights are mandatory for this journal. They consist of a short collection of bullet 
points that convey the core findings of the article and should be submitted in a separate 
editable file in the online submission system. Please use 'Highlights' in the file name and 
include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point). 
See http://www.elsevier.com/highlights for examples. 
 
Keywords 
Immediately after the abstract, provide a maximum of 6 keywords, using American 
spelling and avoiding general and plural terms and multiple concepts (avoid, for 
example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly established 
in the field may be eligible. These keywords will be used for indexing purposes. 
 
Abbreviations 
Define abbreviations that are not standard in this field in a footnote to be placed on 
the first page of the article. Such abbreviations that are unavoidable in the abstract 
must be defined at their first mention there, as well as in the footnote. Ensure 
consistency of abbreviations throughout the article. 
 
Acknowledgements 
Collate acknowledgements in a separate section at the end of the article before the 
references and do not, therefore, include them on the title page, as a footnote to the 
title or otherwise. List here those individuals who provided help during the research 
(e.g., providing language help, writing assistance or proof reading the article, etc.). 
 
Minimal data standards 
Resources reported in neuroscience articles often lack sufficient detail to enable 
reproducibility or reuse. To facilitate resource identification in the neuroscience literature 
, we recommend to include relevant accession numbers and identifiers in your 
article, which will be converted into links to corresponding data repositories and 
embedded enrichments once the article is published and appears on SciencDirect. 
Please consider inclusion of GenBank accession numbers, antibody identifiers,  species  
specific  nomenclatures,  and  software  identifiers  in  the  method  section  of your 




Please submit math equations as editable text and not as images. Present simple 
formulae in line with normal text where possible and use the solidus (/) instead of a 
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be 
presented in italics. Powers of e are often more conveniently denoted by exp. Number 
consecutively any equations that have to be displayed separately from the text (if 
referred to explicitly in the text).
Footnotes 
Footnotes should be used sparingly. Number them consecutively throughout the article. 
Many word processors build footnotes into the text, and this feature may be used. 
Should this not be the case, indicate the position of footnotes in the text and present 
the footnotes themselves separately at the end of the article. 
 
Image manipulation 
Whilst it is accepted that authors sometimes need to manipulate images for clarity, 
manipulation for purposes of deception or fraud will be seen as scientific ethical abuse and 
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will be dealt with accordingly. For graphical images, this journal is applying the following 
policy: no specific feature within an image may be enhanced, obscured, moved, 
removed, or introduced. Adjustments of brightness, contrast, or color balance are 
acceptable if and as long as they do not obscure or eliminate any information present in 
the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed 




• Make sure you use uniform lettering and sizing of your original artwork. 
• Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier. 
• Number the illustrations according to their sequence in the text. 
• Use a logical naming convention for your artwork files. 
• Indicate per figure if it is a single, 1.5 or 2-column fitting image. 
• For Word submissions only, you may still provide figures and their captions, and 
tables within a single file at the revision stage. 
• Please note that individual figure files larger than 10 MB must be provided in separate 
source files. A detailed guide on electronic artwork is available on our website: 
http://www.elsevier.com/artworkinstructions. 
You are urged to visit this site; some excerpts from the detailed information are 
given here. 
Formats 
Regardless of the application used, when your electronic artwork is finalized, please 
'save as' or convert the images to one of the following formats (note the resolution 
requirements for line drawings, halftones, and line/halftone combinations given below): 
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'. 
TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 
300 dpi. TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi. 
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum 
of 500 dpi is required. 
Please do not: 
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the 
resolution is too low. 
• Supply files that are too low in resolution. 
• Submit graphics that are disproportionately large for the content. 
 
Color artwork 
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS 
(or PDF), or MS Office files) and with the correct resolution. If, together with your 
accepted article, you submit usable color figures then Elsevier will ensure, at no 
additional charge, that these figures will appear in color online (e.g., ScienceDirect and 
other sites) regardless of whether or not these illustrations are reproduced in color in 
the printed version. For color reproduction in print, you will receive information 
regarding the costs from Elsevier after receipt of your accepted article. Please 
indicate your preference for color: in print or online only. For further information on the 
preparation of electronic artwork, please see 
http://www.elsevier.com/artworkinstructions. 
Please note: Because of technical complications that can arise by converting color 
figures to 'gray scale' (for the printed version should you not opt for color in print) 
please submit in addition usable black and white versions of all the color illustrations. 
 
Figure captions 
Ensure that each illustration has a caption. A caption should comprise a brief title (not 
on the figure itself) and a description of the illustration. Keep text in the illustrations 
themselves to a minimum but explain all symbols and abbreviations used. 
 
Text graphics 





Please submit tables as editable text and not as images. Tables can be placed either 
next to the relevant text in the article, or on separate page(s) at the end. Number tables 
consecutively in accordance with their appearance in the text and place any table notes 
below the table body. Be sparing in the use of tables and ensure that the data presented 
in them do not duplicate results described elsewhere in the article. Please avoid using 
vertical rules. 
 
Tables should if possible be so constructed as to be intelligible without reference to the 
text, every table and column being provided with a heading, and should be suitable for 
direct reproduction. Units of measurement must always be clearly indicated. Unless it is 
essential to the argument, tables should summarize results by an accepted method of 
expression, e.g. standard deviation (S.D). When preparing tables, if you are using a 
table grid, use only one grid for each individual table and not a grid for each row. If no 
grid is used, use tabs, not spaces, to align columns. 
 
References 
Citation in text 
Please ensure that every reference cited in the text is also present in the reference list 
(and vice versa). Any references cited in the abstract must be given in full. Unpublished 
results and personal communications are not recommended in the reference list, but may 
be mentioned in the text. If these references are included in the reference list they 
should follow the standard reference style of the journal and should include a 
substitution of the publication date with either 'Unpublished results' or 
'Personal communication'. Citation of a reference as 'in press' implies that the item has 
been accepted for publication. 
 
Reference links 
Increased discoverability of research and high quality peer review are ensured by 
online links to the sources cited. In order to allow us to create links to abstracting and 
indexing services, such as Scopus, CrossRef and PubMed, please ensure that data 
provided in the references are correct. Please note that incorrect surnames, journal/book 
titles, publication year and pagination may prevent link creation. When copying 




As a minimum, the full URL should be given and the date when the reference was last 
accessed. Any further information, if known (DOI, author names, dates, reference to a 
source publication, etc.), should also be given. Web references can be listed separately 
(e.g., after the reference list) under a different heading if desired, or can be included in 
the reference list. 
 
Reference to arXiv 
As with unpublished results and personal communications, references to arXiv 
documents are not recommended in the reference list. Please make every effort to 
obtain the full reference of the published version of an arXiv document. If a reference 
to an arXiv document must be included in the references list it should follow the 
standard reference style of the journal and should include a substitution of the volume 
and page numbers with 'arXiv:YYMM.NNNN' or 'arXiv:arch-ive/YYMMNNN' for articles 
submitted to arXiv before April 2007. 
 
References in a special issue 
Please ensure that the words 'this issue' are added to any references in the list (and any 
citations in the text) to other articles in the same Special Issue. 
 
Reference management software 
Most    Elsevier    journals    have    a    standard    template    available    in    key    
reference management    packages.    This    covers    packages    using    the    Citation    
Style    Language, such  as  Mendeley  
(http://www.mendeley.com/features/reference-manager)  and  also  others like 
EndNote (http://www.endnote.com/support/enstyles.asp) and Reference Manager 
(http://refman.com/support/rmstyles.asp). Using plug-ins to word processing packages 
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which are available from the above sites, authors only need to select the appropriate 
journal template when preparing their article and the list of references and citations to 
these will be formatted according to the journal style as described in this Guide. The 
process of including templates in these packages is constantly ongoing. If the journal 
you are looking for does not have a template available yet, please see the list of sample 
references and citations provided in this Guide to help you format these according to the 
journal style.
If you manage your research with Mendeley Desktop, you can easily install the reference 
style for this journal by clicking the link below: 
http://open.mendeley.com/use-citation-style/journal-of-neuroscience-methods 
When preparing your manuscript, you will then be able to select this style using the 
Mendeley plug- ins for Microsoft Word or LibreOffice. For more information about the 
Citation Style Language, visit http://citationstyles.org. 
 
Reference formatting 
There are no strict requirements on reference formatting at submission. References can be 
in any style or format as long as the style is consistent. Where applicable, author(s) 
name(s), journal title/book title, chapter title/article title, year of publication, volume 
number/book chapter and the pagination must be present. Use of DOI is highly 
encouraged. The reference style used by the journal will be applied to the accepted 
article by Elsevier at the proof stage. Note that missing data will be highlighted at proof 
stage for the author to correct. If you do wish to format the references yourself they 
should be arranged according to the following examples: 
 
Reference style 
Text: All citations in the text should refer to: 
1. Single author: the author's name (without initials, unless there is ambiguity) and the 
year of publication; 
2. Two authors: both authors' names and the year of publication; 
3. Three or more authors: first author's name followed by 'et al.' and the year of 
publication. Citations may be made directly (or parenthetically). Groups of 
references should be listed first alphabetically, then chronologically. 
Examples: 'as demonstrated in wheat (Allan, 2000a, 2000b, 1999; Allan and Jones, 
1999). Kramer et al. (2010) have recently shown ....' 
List: References should be arranged first alphabetically and then further sorted 
chronologically if necessary. More than one reference from the same author(s) in the 
same year must be identified by the letters 'a', 'b', 'c', etc., placed after the year of 
publication. 
Examples: 
Reference to a journal publication: 
Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J 
Sci Commun 
2010;163:51–9. Reference to a book: 
Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000. 
Reference to a chapter in an edited book: 
Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones 
BS, Smith RZ, editors. Introduction to the electronic age. New York: E-Publishing Inc; 
2009. p. 281–304. 
Note shortened form for last page number. e.g., 51–9, and that for more than 6 authors 
the first 6 should be listed followed by "et al." For further details you are referred to 
"Uniform Requirements for Manuscripts submitted to Biomedical Journals" (J Am Med 
Assoc 1997;277:927–34) (see also 
http://www.nlm.nih.gov/bsd/uniform_requirements.html). 
 
Journal abbreviations source 







Elsevier accepts video material and animation sequences to support and enhance your 
scientific research. Authors who have video or animation files that they wish to submit 
with their article are strongly encouraged to include links to these within the body of the 
article. This can be done in the same way as a figure or table by referring to the video or 
animation content and noting in the body text where it should be placed. All submitted 
files should be properly labeled so that they directly relate to the video file's content. In 
order to ensure that your video or animation material is directly usable, please provide 
the files in one of our recommended file formats with a preferred maximum size of 150 
MB. Video and animation files supplied will be published online in the electronic version 
of your article in Elsevier Web products, including ScienceDirect: 
http://www.sciencedirect.com. Please supply 'stills' with your files: you can choose 
any frame from the video or animation or make a separate image. These will be 
used instead of standard icons and will personalize the link to your video data. For 
more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be 
embedded in the print version of the journal, please provide text for both the electronic 
and the print version for the portions of the article that refer to this content. 
 
AudioSlides 
The journal encourages authors to create an AudioSlides presentation with their 
published article. AudioSlides are brief, webinar-style presentations that are shown next 
to the online article on ScienceDirect. This gives authors the opportunity to summarize 
their research in their own words and to help readers understand what the paper is 
about. More information and examples are available at 
http://www.elsevier.com/audioslides. Authors of this journal will automatically receive 




Elsevier accepts electronic supplementary material to support and enhance your 
scientific research. Supplementary files offer the author additional possibilities to publish 
supporting applications, high- resolution images, background datasets, sound clips and 
more. Supplementary files supplied will be published online alongside the electronic 
version of your article in Elsevier Web products, including ScienceDirect: 
http://www.sciencedirect.com. In order to ensure that your submitted material is 
directly usable, please provide the data in one of our recommended file formats. Authors 
should submit the material in electronic format together with the article and supply a 
concise and descriptive caption for each file. For more detailed instructions please visit 
our artwork instruction pages at http://www.elsevier.com/artworkinstructions. 
 
Open data 
This journal supports Open Data, enabling authors to submit any raw (unprocessed) 
research data with their article for open access publication on ScienceDirect under the 




Elsevier encourages authors to connect articles with external databases, giving readers 
access to relevant databases that help to build a better understanding of the described 
research. Please refer to relevant database identifiers using the following format in your 
article: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). See 
http://www.elsevier.com/databaselinking for more information and a full list of 
supported databases. 
 
MATLAB FIG files 
MATLAB FIG files (optional): You can enrich your online articles by providing 
supplementary MATLAB figure files with the .FIG file extension. These files will be 
visualized using an interactive viewer that allows readers to explore your figures within 
the article. The FIG files can be uploaded in our online submission system, and will be 
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made available to download from your online article on ScienceDirect. For more 
information, please see http://www.elsevier.com/matlab. 
 
3D neuroimaging 
You can enrich your online articles by providing 3D neuroimaging data in NIfTI 
format. This will be visualized for readers using the interactive viewer embedded within 
your article, and will enable them to: browse through available neuroimaging datasets; 
zoom, rotate and pan the 3D brain reconstruction; cut through the volume; change 
opacity and color mapping; switch between 3D and 
2D projected views; and download the data. The viewer supports both single (.nii) and 
dual (.hdr and .img) NIfTI file formats. Recommended size of a single uncompressed 
dataset is maximum 150 
MB. Multiple datasets can be submitted. Each dataset will have to be zipped and 
uploaded to the online submission system via the '3D neuroimaging data' submission 
category. Please provide a short informative description for each dataset by filling in the 
'Description' field when uploading a dataset. Note: all datasets will be available for 
downloading from the online article on ScienceDirect. If you have concerns about your 




The following list will be useful during the final checking of an article prior to sending it to 
the journal for review. Please consult this Guide for Authors for further details of any 
item. 
Ensure that the following items are present: 
One author has been designated as the corresponding author with contact details: 
• E-mail address 
• Full postal address
 
 
All necessary files have been uploaded, and contain: 
• Keywords 
• All figure captions 
• All tables (including title, description, footnotes) Further considerations 
• Manuscript has been 'spell-checked' and 'grammar-checked' 
• All references mentioned in the Reference list are cited in the text, and vice versa 
• Permission has been obtained for use of copyrighted material from other sources 
(including the 
Internet) 
Printed version of figures (if applicable) in color or black-and-white 
• Indicate clearly whether or not color or black-and-white in print is required. 
• For reproduction in black-and-white, please supply black-and-white versions of the 
figures for printing purposes. 




Use of the Digital Object Identifier 
The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. 
The DOI consists of a unique alpha-numeric character string which is assigned to a 
document by the publisher upon the initial electronic publication. The assigned DOI 
never changes. Therefore, it is an ideal medium for citing a document, particularly 
'Articles in press' because they have not yet received their full bibliographic information. 
Example of a correctly given DOI (in URL format; here an article in the journal Physics 
Letters B): 
http://dx.doi.org/10.1016/j.physletb.2010.09.059 
When you use a DOI to create links to documents on the web, the DOIs are guaranteed 
never to change. 
 
Online proof correction 
Corresponding authors will receive an e-mail with a link to our online proofing system, 
allowing annotation and correction of proofs online. The environment is similar to MS 
Word: in addition to editing text, you can also comment on figures/tables and answer 
questions from the Copy Editor. Web-based proofing provides a faster and less error-
prone process by allowing you to directly type your corrections, eliminating the potential 
introduction of errors. 
If preferred, you can still choose to annotate and upload your edits on the PDF version. All 
instructions for proofing will be given in the e-mail we send to authors, including 
alternative methods to the online version and PDF. 
We will do everything possible to get your article published quickly and accurately. 
Please use this proof only for checking the typesetting, editing, completeness and 
correctness of the text, tables and figures. Significant changes to the article as accepted 
for publication will only be considered at this stage with permission from the Editor. It 
is important to ensure that all corrections are sent back to us in one communication. 
Please check carefully before replying, as inclusion of any subsequent corrections cannot 
be guaranteed. Proofreading is solely your responsibility. 
 
Offprints 
The corresponding author, at no cost, will be provided with a personalized link 
providing 50 days free access to the final published version of the article on 
ScienceDirect. This link can also be used for sharing via email and social 
networks. For an extra charge, paper offprints can  be  ordered  via  the  offprint  
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